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Summary 
Zinc oxide (ZnO) is a wide bandgap semiconductor and is a hoped material as a transparent conducting film and 
photo-electronic devices. Since ZnO crystal has wurtzite structure, the polarity of ZnO surface, Zn-polar and 
O-polar, influences the crystal growth process, surface morphology and electrical properties. Therefore, it is 
important to determine the polarity of ZnO. We have measured RHEED rocking curves from ZnO(0001) surface 
and analyzed these results by dynamical calculations. The calculated rocking curves for Zn- and O-polar 
surfaces are found to be rather different. The calculated rocking curves for Zn-polar surface reproduced the 
experimental ones relatively well. The result is consistent with the sample specification. It has been found that 
the determination of surface polarity is possible by RHEED rocking curves. 
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㸬ࡣࡌࡵ࡟
㓟໬ள㖄㸦ZnO㸧ࡣ࣡࢖ࢻࢠࣕࢵࣉ༙ᑟయ࡛࠶ࡾࠊ㏱
᫂ᑟ㟁⭷ࡸග-㟁Ꮚ⣲Ꮚࡢᮦᩱ 1,2)࡜ࡋ࡚ᮇᚅࡉࢀ࡚࠸
ࡿࠋZnO ⤖ᬗࡣ࢘ࣝࢶ࢓࢖ࢺᵓ㐀ࢆ࡜ࡾࠊ᭱ୖ⾲㠃ᒙ
ࡀ Zn㠃࡜࡞ࡿ࠿ O㠃࡜࡞ࡿ࠿ࡢᴟᛶࡢ㐪࠸࡟ࡼࡾࠊ⤖
ᬗᡂ㛗㐣⛬ࡸ㟁Ꮚⓗ≉ᛶ࡟ᙳ㡪ࢆ୚࠼ࡿࠋࡑࢀᨾࠊZnO
ࡢᴟᛶࢆ㆑ูࡍࡿࡇ࡜ࡣ㔜せ࡛࠶ࡿࠋࡇࢀࡲ࡛ ZnO ࡢ
⾲㠃ᴟᛶࢆホ౯ࡍࡿࡓࡵࡢᡭἲ࡜ࡋ࡚ࠊ཰᮰㟁Ꮚᅇᢡ
㸦CBED㸧ࠊ࢚ࢵࢳࣥࢢࠊྠ㍈ᆺ┤⾪✺࢖࢜ࣥᩓ஘ศග
㸦CAICISS㸧ࠊࡑࡋ࡚ X⥺ග㟁Ꮚศග㸦XPS㸧➼ࡀ⏝࠸
ࡽࢀ࡚ࡁࡓ 3-6)ࠋࡇࢀࡽࡢ୰࡛ࠊCBED ࡜࢚ࢵࢳࣥࢢࡣ
◚ቯⓗᡭἲ࡛࠶ࡿࠋࡲࡓࠊXPS ࡣ㠀◚ቯⓗᡭἲ࡛࠶ࡿ
ࡀࠊࢩࣥࢡࣟࢺࣟࣥᨺᑕගࢆ฼⏝ࡍࡿᚲせࡀ࠶ࡿࠋ
CAICISS ࡣᴟᛶホ౯࡟ࡼࡃ⏝࠸ࡽࢀࡿᡭἲ࡛࠶ࡿࡀࠊ
ẚ㍑ⓗᗈ࠸ヨᩱ⾲㠃ࢧ࢖ࢬࢆᚲせ࡜ࡍࡿࠋ 
ࡇࢀࡽࡢᡭἲ࡟ẚ࡭ࠊ཯ᑕ㧗㏿㟁Ꮚᅇᢡ(RHEED) 7) 
ࡣẚ㍑ⓗ⡆౽࡞ᡭἲ࡛࠶ࡾࠊ⤖ᬗᡂ㛗୰ࡢࡑࡢሙほᐹ
ࡶྍ⬟࡛࠶ࡿࠋධᑕ㟁Ꮚࡢどᩳゅኚ໬࡟ᑐࡍࡿ཯ᑕᅇ
ᢡ㟁Ꮚᙉᗘࡢኚ໬ࠊࡇࢀࢆࣟࢵ࢟ࣥࢢ᭤⥺࡜࿧ࡪࡀࠊ
ᮏ◊✲࡛ࡣ RHEED ࡢࣟࢵ࢟ࣥࢢ᭤⥺ࢆ⏝࠸࡚
ZnO(0001)⾲㠃ࡢᴟᛶ㆑ูࡀྍ⬟࠿᳨ドࡋࡓࡢ࡛ሗ࿌
ࡍࡿࠋᐇ㦂࡛ ᐃࡉࢀࡓࣟࢵ࢟ࣥࢢ᭤⥺ࢆືຊᏛⓗᅇ
ᢡ⌮ㄽࢆ⏝࠸ࡓィ⟬࡟ࡼࡾࠊ⾲㠃ᵓ㐀ࢆゎᯒࡋࡓࠋࡇ
ࡢࡼ࠺࡞ゎᯒᡭἲࡣࡇࢀࡲ࡛ᗄࡘ࠿ࡢ⾲㠃ᵓ㐀࡟ᑐࡋ
࡚⾜ࡗ࡚࠸ࡿࡀ 8-10)ࠊ௒ᅇࡣྠᵝ࡞ィ⟬ᡭἲࢆ
ZnO(0001)⾲㠃ᵓ㐀࡟ᑐࡋ࡚㐺⏝ࡋࡓࠋᐇ㦂࡜ィ⟬ࡢࣟ
ࢵ࢟ࣥࢢ᭤⥺ࢆẚ㍑ࡍࡿࡇ࡜࡟ࡼࡾࠊ⾲㠃ࡢᴟᛶࢆ㆑
ูྍ⬟࡛࠶ࡿࡇ࡜ࢆぢฟࡋࡓࡢ࡛ሗ࿌ࡍࡿࠋ 
㸨 ኱ྠ኱ᏛᕤᏛ㒊㟁Ẽ㟁ᏊᕤᏛ⛉ 
㸨㸨 ྡྂᒇᕤᴗ኱Ꮫ኱Ꮫ㝔ᕤᏛ◊✲⛉ᶵ⬟ᕤᏛᑓᨷ 
㸨㸨㸨ᮾ໭኱Ꮫከඖ≀㉁⛉Ꮫ◊✲ᡤ 
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
㸬=Q2⾲㠃ࡢᴟᛶ࡟ࡘ࠸࡚
ZnO ⤖ᬗࡣᅗ㸯࡟♧ࡍ࢘ࣝࢶ࢓࢖ࢺᵓ㐀ࢆ࡜ࡾࠊࢇࠊ
࢈ࠊࢉ ࢆᇶᮏ࣋ࢡࢺࣝ࡜ࡍࡿ༢఩⬊࡛⾲ࡉࢀࡿࠋࡇࡢ⤖
ᬗ᱁Ꮚࡢሙྜࠊ᪉ྥᣦᩘ࡜㠃ᣦᩘࡣ㏻ᖖ 4 ࡘᩚᩘ࡛♧
ࡍࡀࠊ3ࡘࡢᩚᩘ࡛♧ࡍሙྜࡶ࠶ࡿࡓࡵࠊᅗ࡟ࡣ୧⾲グ
࡛グ㏙ࡋࡓࠋࡲࡓࠊᅗ࡟ࡣᇶᮏ㏫᱁Ꮚ࣋ࢡࢺࣝࢇכࠊ࢈כࠊ
ࢉכ ࡶ♧ࡋ࡚࠶ࡿࠋᐇ㦂࡛ࡢ㟁Ꮚ⥺ࡢධᑕ᪉఩ ሾʹͳതͳതͲሿ 
㸦ࡶࡋࡃࡣሾͳͲͲሿ㸧ࡣࢇ ㍈᪉ྥ࡛࠶ࡾࠊᅗ୰࡟♧ࡉࢀ
࡚࠸ࡿࠋ 
 
 
 
2✀㢮ࡢᵓᡂඖ⣲ Zn࡜ Oࡢ࢖༙࢜ࣥᚄ࡛ᥥ࠸ࡓᵓ㐀
ࢆᅗ 2࡟♧ࡍࠋᅗ 2(a)࡜ᅗ 2(b)ࡣࡑࢀࡒࢀ ZnཎᏊ㠃ࡀ
⾲㠃࡟⌧ࢀࡿᵓ㐀࡜ O ཎᏊ㠃ࡀ⾲㠃࡟⌧ࢀࡿᵓ㐀ࡢ 2
ࡘࡢᴟᛶ⾲㠃ࢆ♧ࡍࠋ࠸ࡎࢀࡢᴟᛶ⾲㠃࡟࠾࠸࡚ࡶ 3
ᅇᑐ⛠ᛶࢆ᭷ࡋࠊሾʹͳതͳതͲሿධᑕ᪉఩࠿ࡽ(0001)⾲㠃ࢆ═
ࡵࢀࡤࠊᕥྑ᪉ྥࡢཎᏊ㓄ิ࡟㠀ᑐ⛠ᛶࡀᏑᅾࡍࡿࡇ
࡜ࢆ☜ㄆ࡛ࡁࡿࠋᚑࡗ࡚ࠊRHEEDࣃࢱ࣮ࣥࡣᕥྑࡢᅇ
ᢡᙉᗘࡀ␗࡞ࡿࡣࡎ࡛࠶ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊᐇ㝿ࡢ⾲
㠃࡟ࡣᚲࡎཎᏊࢫࢸࢵࣉࡀከᩘᏑᅾࡍࡿࠋࡇࡢࢫࢸࢵ
ࣉ㧗ࡉࡣࠊ⾲㠃ᆶ┤࣎ࣥࢻࡀษ᩿ࡉࢀ࡚⏕ࡌࡿࡓࡵ
㹡 㸰ൗ ࡢᩚᩘಸ࡜࡞ࡿࠋࡇࡇ࡛ܿࡣ⾲㠃ᆶ┤᪉ྥࡢ᱁Ꮚ
ᐃᩘ࡛࠶ࡿࠋ᭱ࡶప࠸ࢫࢸࢵࣉ㧗ࡉ㹡 㸰ൗ ᡈ࠸ࡣࡇࡢወ
ᩘಸࡢࢫࢸࢵࣉ㧗ࡉࡀᏑᅾࡍࡿሙྜࠊ㧗࠸ࢸࣛࢫ⾲㠃
࡜ప࠸ࢸࣛࢫ⾲㠃ࡢཎᏊ㓄ิࡣ஫࠸࡟཯ᑐ⛠ࡢ㠀ᑐ⛠
ᛶࢆ᭷ࡍࡿࡇ࡜࡟࡞ࡿࠋࡑࢀࡒࢀࡢࢸࣛࢫ⾲㠃ࡢཎᏊ
㓄ิࢆ AࠊB࡜ྡ௜ࡅࢀࡤࠊ2㔜ศᇦ⾲㠃࡜ࡋ࡚ᤊ࠼ࡿ
ࡇ࡜ࡀ࡛ࡁࡿࠋከᩘࡢࢫࢸࢵࣉࡀᏑᅾࡍࡿᐇ㝿ࡢ⾲㠃
࡛ࡣ A࡜ Bࡢศᇦࡀ➼ศࡢ๭ྜ࡛Ꮡᅾࡍࡿࡇ࡜ࡀண᝿
ࡉࢀࡿࡓࡵࠊRHEEDࣃࢱ࣮ࣥࡢᕥྑ୧ഃࡢࡑࢀࡒࢀࡢ
┦ᑐᛂࡍࡿᅇᢡᩬⅬࡢᙉᗘࡣ➼ࡋࡃ࡞ࡾࠊ࠶ࡓ࠿ࡶᑐ
⛠ධᑕࡢࡼ࠺࡞ᅇᢡᙉᗘࢆ୚࠼ࡿࡇ࡜ࡀண᝿ࡉࢀࡿࠋ 
 
㸬ᐇ㦂᪉ἲ
ᐇ㦂ࡣᅗ3࡟♧ࡍ㉸㧗┿✵RHEED⿦⨨ࢆ⏝࠸࡚⾜ࡗ
ࡓࠋ⿦⨨ෆࡢᇶᮏ┿✵ࡣ 1x10㸫9 Torr ࡛࠶ࡿࠋヨᩱࡣ
ZnO(0001)㸦ᮾி㟁Ἴᰴᘧ఍♫㸧࡛࠶ࡾࠊࡑࡢ௙ᵝ᭩࡟
ࡼࢀࡤࠊۃͳͳതͲͲۄ᪉఩࡟ἢࡗࡓ᪉ྥ࡟ 0.5s0.2rࡢᚤഴ
ᩳゅࢆ᭷ࡍࡿࡶࡢ࡛࠶ࡿࠋࡇࡇ࡛ࡣ Zn⤊➃⾲㠃ࢆヨᩱ
⾲㠃࡜ࡋ࡚⏝࠸ࡓࠋヨᩱࡣ 5x10x0.5 mm3ࡢࢧ࢖ࢬ࡟ษ
ࡾฟࡉࢀࠊヨᩱ࣍ࣝࢲ࣮࡟ࢭࢵࢺࡍࡿ㝿࡟ࡣཌࡉ 0.05
ੈࡢ Taࢩ࣮ࢺࢆヨᩱ⿬㠃࡟ᩜࡁࠊTaࢩ࣮ࢺ࡟㏻㟁ࡍࡿ
ࡇ࡜࡟ࡼࡾヨᩱຍ⇕ࡀฟ᮶ࡿࡼ࠺࡟ࡋࡓࠋTa ࢩ࣮ࢺ࡟
ὶࡍ㟁ὶ࡜ヨᩱ ᗘ࡜ࡢ㛵ಀࡣணࡵ CA ⇕㟁ᑐࢆ⏝࠸
࡚ ᐃࡋࡓ⤖ᯝࠊ10Aࡢ㟁ὶ࡛ 650Υࡢヨᩱ ᗘ࡜࡞ࡾࠊ
㟁ὶ࡜ ᗘ࡜ࡢ㛵ಀࡣ࡯ࡰẚ౛ࡍࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋ 
 
)LJ6FKHPDWLFGLDJUDPRIH[SHULPHQWDODSSDUDWXV
)LJ:XUW]LWHFU\WDOVWUXFWXUH
)LJ3RODULW\RI=Q2VXUIDFH
D=QWHUPLQDWHGVXUIDFHE2WHUPLQDWHGVXUIDFH
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㉸㧗┿✵ෆ࡛ Taࢩ࣮ࢺࢆ㏻㟁ຍ⇕ࡍࡿࡇ࡜࡟ࡼࡾヨ
ᩱ⾲㠃ࡢΎί໬ࢆヨࡳࡓࠋࡲࡓࠊヨᩱ⾲㠃ୖ࡟྾╔ࡋ
࡚࠸ࡿởᰁඖ⣲ࡣᅗ 3 ࡟♧ࡍ෇⟄㙾㠃ᆺ࢚ࢿࣝࢠ࣮ศ
ᯒჾ㸦CMA㸧ࢆ⏝࠸ࡓ࣮࢜ࢪ࢙ ᐃ࠿ࡽホ౯ࡋࡓࠋ 
ධᑕ㟁Ꮚࡢຍ㏿㟁ᅽࡣ 10kV ࡛࠶ࡾࠊධᑕ᪉఩ࡣ
ሾʹͳതͳതͲሿ᪉఩㸦ሾͳͲͲሿ᪉఩㸧࡟ᅛᐃࡋࡓࠋධᑕどᑕゅࡣ
0r௜㏆࠿ࡽ⣙ 6rࡲ࡛㟁Ꮚ㖠ࢆᶵᲔⓗ࡟ഴᩳࡉࡏࠊ⺯
ගࢫࢡ࣮ࣜࣥ࡟ᫎࡋฟࡉࢀࡿ཯ᑕᅇᢡᩬⅬࡢᙉᗘኚ໬
ࢆ CCD࣓࢝ࣛࢆ⏝࠸᳨࡚ฟࡋࡓࠋ⣙ 0.05r้ࡳẖࡢど
ᩳゅኚ໬࡟ᑐࡍࡿᅇᢡᙉᗘኚ໬ࢆࣃࢯࢥࣥ࡟ࢹ࣮ࢱಖ
Ꮡࡋࠊࣟࢵ࢟ࣥࢢ᭤⥺ࢆィ ࡋࡓࠋ 
㸬⤖ᯝ࠾ࡼࡧ⪃ᐹ
 ヨᩱ⾲㠃ࡢΎί໬ฎ⌮
ヨᩱࡢΎί໬ࡢࡓࡵࠊ㉸㧗┿✵ෆ࡛ᚎࠎ࡟ヨᩱࡢຍ
⇕ ᗘࢆୖࡆࠊࡑࡢ㒔ᗘࠊCMAࢆ⏝࠸࡚࣮࢜ࢪ࢙ ᐃ
ࢆ⾜ࡗࡓࡀࠊᅗ 4(a)࡟♧ࡍࡼ࠺࡟ 450Υࡲ࡛ࡢຍ⇕࡛ở
ᰁⅣ⣲ࡣ㝖ཤ࡛ࡁ࡞࠿ࡗࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊᅗ 4(b)࡟♧
ࡍࡼ࠺࡟ RHEEDࣃࢱ࣮ࣥࡣẚ㍑ⓗ᫂░࡞ ZnO(0001)⾲
㠃ࢆ≉ᚩ௜ࡅࡿࡶࡢ࡛࠶ࡾࠊⅣ⣲⏤᮶ࡢᵓ㐀ࡣㄆࡵࡽ
ࢀ࡞࠿ࡗࡓࠋࡋࡓࡀࡗ࡚ởᰁⅣ⣲ཎᏊࡣᜍࡽࡃ⾲㠃࡟
ࣛࣥࢲ࣒࡟྾╔ࡋ࡚࠸ࡿࡶࡢ࡜ᛮࢃࢀࡿࠋΎί໬ࡢࡓ
ࡵࡢ᭦࡞ࡿ㧗 ຍ⇕ࡣ㏫࡟ヨᩱ⾲㠃ࡢ⤌ᡂ࡟ኚ໬ࢆཬ
ࡰࡍྍ⬟ᛶࡀ࠶ࡿࡓࡵࠊᮏ◊✲࡛ࡣࡇࡢ⛬ᗘࡢΎίᗘ
ࡢ⾲㠃࡟ᑐࡋ࡚ゎᯒࢆ⾜ࡗࡓࠋ 
 
4.2 RHEEDࣃࢱ࣮ࣥࡢどᩳゅኚ໬ 
ධᑕ㟁Ꮚࡢどᩳゅࢆኚ໬ࡉࡏࡓ࡜ࡁࡢ ZnO(0001)⾲
㠃࠿ࡽࡢ RHEEDࣃࢱ࣮ࣥࡢኚ໬ࢆᅗ 5࡟♧ࡍࠋᮏ◊✲
࡛ࡣࠊͲͲǡ Ͳͳǡ Ͳͳതࡢ㸱ࡘࡢ཯ᑕᅇᢡᙉᗘࡢࣟࢵ࢟ࣥࢢ
᭤⥺ࢆ ᐃࡋࠊィ⟬࡜ࡢẚ㍑ࢆ⾜ࡗࡓࠋ 
 
 ࣟࢵ࢟ࣥࢢ᭤⥺ࡢィ⟬
ィ⟬࡟ࡣືຊᏛⓗᅇᢡ⌮ㄽࢆ⏝࠸ࡓࠋࡇࡇ࡛ࡣࠊ
ZnO(0001)⾲㠃࠿ࡽ῝ࡉ⣙ 100ύࡲ࡛ࢆ⣙ 0.1ύࡢཌࡉ
࡛ࢫࣛ࢖ࢫࡋࠊࢫࣛ࢖ࢫࡉࢀࡓᖹᯈෆࡣ῝ࡉ᪉ྥࡢ࣏
ࢸࣥࢩࣕࣝࡣ୍ᐃ࡜ぢ࡞ࡋࠊ⾲㠃ᖹ⾜᪉ྥࡢ࿘ᮇⓗ࣏
ࢸࣥࢩࣕࣝࢆ⪃៖ࡋࡓ Schrሷdinger᪉⛬ᘧࢆゎ࠸࡚Ἴື
㛵ᩘࢆồࡵࡓࠋྛᖹᯈෆ࡛ồࡵࡓἼື㛵ᩘࡣ㐃⥆࡟ࡘ
࡞ࡀࡿࡼ࠺࡟ቃ⏺᮲௳ࢆ௜ࡋ࡚᭱⤊ⓗ࡟཯ᑕἼᙉᗘࢆ
ồࡵࡓࠋ⤖ᬗ࣏ࢸࣥࢩࣕࣝࡣ Doyle ࡜ Turner ࡟ࡼࡗ࡚
ィ⟬ࡉࢀࡓᩘ⾲ 11)࠿ࡽồࡵࠊࡲࡓࢹࣂ࢖ ᗘࡣ 510 K
࡜ࡋࡓࠋィ⟬࡛ࡣ 0ḟ࢚ࣛ࢘ᖏୖࡢ㸵ࣅ࣮࣒㸦ͲͲǡ Ͳͳǡ
Ͳͳതǡ Ͳʹǡ Ͳതʹǡ Ͳ͵ǡ Ͳത͵㸧ࢆ⏝࠸ࡓࠋ 
ィ⟬ᑐ㇟ࡢ ZnO(0001)⾲㠃ࡣᅗ 2࡟♧ࡍࡼ࠺࡞ Zn࠾
ࡼࡧ O ࢆ⤊➃⾲㠃࡜ࡍࡿ㸰✀㢮ࡢᴟᛶ⾲㠃࡛࠶ࡾࠊࡑ
ࡢ῝ࡉ᪉ྥ࡟ᑐࡍࡿᖹᆒ࣏ࢸࣥࢩࣕࣝศᕸࢆᅗ 6 ࡟♧
ࡍࠋࡇࡇ࡛ࡣ⾲㠃⦆࿴ࡣ⪃៖ࡉࢀ࡚࠸࡞࠸⌮᝿⾲㠃ࢆ
ᢅࡗࡓࠋ 
            
)LJ$IWHUKHDWWUHDWPHQWRIΥIRU=Q2
D $XJHU VSHFWUXP E 5+((' SDWWHUQ $UURZV
LQGLFDWHWKUHHGLIIUDFWLRQVSRWVRIͲͲǡ Ͳͳ Ͳ ͳത㸧
)LJ&KDQJHRI5+(('SDWWHUQRI=Q2VXUIDFH
GHSHQGLQJRQWKHJODQFLQJDQJOHIURPrWRr
$UURZVLQGLFDWHILYHGLIIUDFWLRQVSRWVRIͲ Ͳǡ Ͳ ͳǡ
Ͳ ͳതǡ Ͳ ʹ  Ͳ തʹ 㸧
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)LJ  3RWHQWLDO GLVWULEXWLRQ RI
=Q2VXUIDFHD=QWHUPLQDWHG
VXUIDFHE2WHUPLQDWHGVXUIDFH
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
ࡑࢀࡒࢀࡢ⾲㠃࡟ᑐࡍࡿࣟࢵ࢟ࣥࢢ᭤⥺ࡢィ⟬⤖ᯝ
ࢆᅗ 7 ࡢ(a)࡜(b)࡟♧ࡍࠋࡇࢀࡽࡢᅗ࡟ࡣ㸵ࡘࡢ཯ᑕᅇ
ᢡᙉᗘࡢィ⟬⤖ᯝࡀ♧ࡉࢀ࡚࠸ࡿࡀࠊᅇᢡࣃࢱ࣮ࣥࡢ
ᕥྑ࡟⌧ࢀࡿ┦ᑐࡍࡿᅇᢡᩬⅬͲͳ࡜ ͲͳതࠊͲʹ࡜ Ͳതʹ
ࡑࡋ࡚Ͳ͵࡜Ͳത͵ࡢࣟࢵ࢟ࣥࢢ᭤⥺ࡣ஫࠸࡟␗࡞ࡿࣉ
ࣟࣇ࢓࢖ࣝࢆ♧ࡍࡇ࡜ࡀࢃ࠿ࡿࠋࡇࢀࡣ㠀ᑐ⛠ධᑕ࡛
࠶ࡿࡓࡵ࡛࠶ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊᐇ㝿ࡢ⾲㠃ࡣ᪤࡟㏙
࡭ࡓࡼ࠺࡟ࠊከᩘࡢࢫࢸࢵࣉࢸࣛࢫࡀ⌧ࢀ࡚࠸ࡿࡓࡵࠊ
A ࡜ B ࡢศᇦ࠿ࡽࡢᙉᗘ࿴࡛㆟ㄽࡍࡿᚲせࡀ࠶ࡿࠋࡑ
ࡇ࡛ࠊͲ݊࡜Ͳ ത݊㸦݊ࡣ 1,2,3㸧ࡢ୧ᅇᢡᩬⅬᙉᗘࡢᖹᆒ
್࡛ࣟࢵ࢟ࣥࢢ᭤⥺ࢆ⾲♧ࡋࡓࢢࣛࣇࢆᅗ 8 ࡟♧ࡍࠋ
ࡓࡔࡋࠊᅇᢡᩬⅬࡢᣦᩘ⾲♧ࡣͲ݊࡛௦⾲ࡋ࡚⾲グࡋࡓࠋ 
 
 
⏝࠸ࡓヨᩱࡣᚤഴᩳ⾲㠃࡛࠶ࡿࠋRHEEDࣃࢱ࣮ࣥࡢ
ࢩࣕࢻ࣮࢚ࢵࢪࡸ⳥ụ⥺ࢆཧ⪃࡟ᚤഴᩳゅȘࢆồࡵࡓ
࡜ࡇࢁࠊධᑕ᪉఩࡟ᑐࡋ࡚Ș=0.55r࡛࠶ࡾࠊࢫࢸࢵࣉ
ࢲ࢘ࣥࡢ᪉ྥ࡟㟁Ꮚ⥺ࡀධᑕࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋ
ᅗ 9(a) ࡟♧ࡍࡼ࠺࡟ࢫࢸࢵࣉ࡟ࡼࡗ࡚Ⓨ⏕ࡍࡿ㟁Ꮚ⥺
ࡢᙳࡢ㡿ᇦࡣ≉࡟పどᑕゅ࡛ࡣ↓ど࡛ࡁ࡞࠸ࡶࡢ࡜⪃
࠼ࠊ㟁Ꮚ⥺ࡢ↷ᑕ㠃✚๭ྜ݀Ȁܮࡀධᑕどᑕゅ࡟ᑐࡋ࡚
࡝ࡢࡼ࠺࡟ኚ໬ࡍࡿ࠿ࢆィ⟬ࡋࡓࡶࡢࡀᅗ 9(b) ࡛࠶ࡿࠋ
ධᑕ㟁Ꮚࡢどᑕゅߠࡣつ๎ⓗࢫࢸࢵࣉ➃ࢆ⤖ࡪ┤⥺
㸦ᅗ 9(a)୰ࡢ୍Ⅼ㙐⥺㸧ࡀᐇ㦂ⓗ࡟ࡣߠ ൌ Ͳι࡛࠶ࡿࡀࠊ
ࡇࢀࡣ ZnO(0001)ࢪࣕࢫࢺ㠃ࢆᇶ‽࡜ࡍࢀࡤ᪤࡟Șࡔ
ࡅ㧗࠸ゅᗘ࡟┦ᙜࡍࡿࠋࡑࡇ࡛ࠊᮏㄽᩥ࡛ࡣᐇ㦂ࡶィ
⟬ࡶ ZnO(0001)ࢪࣕࢫࢺ㠃ࢆどᑕゅߠ ൌ Ͳιࡢᇶ‽࡜ࡋ
࡚どᑕゅࢆ⾲♧ࡋࡓࠋᚑࡗ࡚ࠊᅗ 9(b)࡛ࡣどᑕゅ 0.55r
࠿ࡽ↷ᑕ㠃✚๭ྜࡀ❧ࡕୖࡀࡗ࡚࠸ࡿࠋࡇࡢ↷ᑕ㠃✚
๭ྜࢆィ⟬ࣟࢵ࢟ࣥࢢ᭤⥺࡟⪃៖ࡋࡓ⤖ᯝࡀᅗ 10࡛࠶
ࡾࠊᐇ㦂⤖ᯝ࡜ẚ㍑ࡍ࡭ࡁࡶࡢ࡛࠶ࡿࠋࡇࡇ࡛ὀ┠ࡍ
࡭ࡁⅬࡣͲͲ཯ᑕ㸦㙾㠃཯ᑕ㸧ࡢィ⟬ࣟࢵ࢟ࣥࢢ᭤⥺ࡣ
Zn⤊➃⾲㠃࠿O⤊➃⾲㠃࠿࡟ࡼࡾ኱ࡁࡃ␗࡞ࡿࡇ࡜࡛
࠶ࡿࠋࡇࡢࡇ࡜࠿ࡽ RHEEDࡣᴟᛶ⾲㠃ࡢ㆑ู࡟᭷ຠ࡛
࠶ࡿ࡜ᮇᚅࡉࢀࡿࠋ 
 
 
 
 
 





)LJ5RFNLQJFXUYHVIURP=Q2VXUIDFHZLWK
GRXEOHGRPDLQVRIVXUIDFHVWHSWHUUDFHV
D=QWHUPLQDWHGVXUIDFHE2WHUPLQDWHGVXUIDFH
)LJ  %HDP LUUDGLDWHG DUHD RQ UHJXODU VWHS
VXUIDFH D LUUDGLDWHG DQG VKDGRZ DUHDV E\
LQFLGHQW EHDP E UDWH RI LUUDGLDWHG DUHD
GHSHQGLQJRQWKHJODQFLQJDQJOH
)LJ  5RFNLQJ FXUYHV IURP =Q2 VXUIDFH
ZLWKRXWVXUIDFHVWHSV
D =Q WHUPLQDWHG VXUIDFH E 2 WHUPLQDWHG
VXUIDFH
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
 ᐇ㦂ཬࡧィ⟬ࣟࢵ࢟ࣥࢢ᭤⥺࡜ࡢẚ㍑
ᅗ 11࡟ᐇ㦂ࣟࢵ࢟ࣥࢢ᭤⥺㸦◚⥺㸧࡜ィ⟬ࣟࢵ࢟ࣥ
ࢢ᭤⥺㸦ᐇ⥺㸧࡜ࢆ୪࡭࡚♧ࡍࠋᐇ㦂ࣟࢵ࢟ࣥࢢ᭤⥺
ࡣ(a) ࡢ Zn ⤊➃⾲㠃ࡢᵓ㐀ࣔࢹࣝ࡟ẚ㍑ⓗࡼ࠸୍⮴ࢆ
♧ࡋࠊ(b) ࡢ O⤊➃⾲㠃࡛ࡣ≉࡟ 00཯ᑕ࡟࠾࠸୍࡚⮴
ࡋ࡞࠸ࡇ࡜ࡀࢃ࠿ࡗࡓࠋࡍ࡞ࢃࡕࠊヨᩱࡢ௙ᵝ᭩࡜▩
┪ࡋ࡞࠸⤖ᯝࡀᚓࡽࢀࡓࠋZn⤊➃⾲㠃ࡢ(a)ᅗࡢ୰ࡢ 00
཯ᑕ࡟ࡘ࠸࡚ࡣ 3r௜㏆࡜ 4r௜㏆࡟⌧ࢀࡿࣆ࣮ࢡࡣ࡯
ࡰ෌⌧ࡉࢀ࡚࠸ࡿࠋࡋ࠿ࡋ࡞ࡀࡽ 1.5r௜㏆ࡢࣆ࣮ࢡ࡟
ࡘ࠸࡚ࡣᐇ㦂࡛ࡣ⌧ࢀ࡚࠸࡞࠸ࠋ01 ཯ᑕ࡟ࡘ࠸࡚ࠊィ
⟬࡛ࡣͲͳ࡜ Ͳͳത  ࡢᖹᆒࡉࢀࡓ୍ᮏࡢࣟࢵ࢟ࣥࢢ᭤⥺
ࡀͲͳ࡜ᣦᩘ௜ࡉࢀ࡚♧ࡉࢀ࡚࠸ࡿࡀࠊᐇ㦂࡛ࡣ RHEED
ࣃࢱ࣮ࣥࡢᕥྑ࡟⌧ࢀࡿͲͳ࡜ Ͳͳതࡢ 2ᮏࡢ཯ᑕࣅ࣮࣒
ࡢࣟࢵ࢟ࣥࢢ᭤⥺ࡀ♧ࡉࢀ࡚࠸ࡿࠋᐇ㦂ࡢͲͳ࡜ Ͳͳതࡣ
஫࠸࡟ࡼࡃఝࡓࣉࣟࣇ࢓࢖࡛ࣝ࠶ࡿࡇ࡜ࡀࢃ࠿ࡿࠋᮏ
᮶࡛࠶ࢀࡤࠊ㠀ᑐ⛠ධᑕ࡛࠶ࡿࡓࡵ୧⪅ࡣ␗࡞ࡿࣉࣟ
ࣇ࢓࢖ࣝࢆ♧ࡍࡣࡎ࡛࠶ࡿࡀࠊ᪤࡟㏙࡭ࡓࡼ࠺࡟ከᩘ
ࡢࢫࢸࢵࣉࡢᏑᅾ࡟ࡼࡾ཯ᑐ⛠࡞ཎᏊ㓄ิࢆ᭷ࡍࡿ A
࡜ B ࡢศᇦࢸࣛࢫࡀΰᅾࡋ࡚࠸ࡿࡇ࡜࡟ࡼࡿࡶࡢ࡜⪃
࠼ࡽࢀࡿࠋ࠸ࡎࢀ࡟ࡏࡼィ⟬⤖ᯝ࡜ᐇ㦂⤖ᯝࡣ࡜ࡶ࡟
どᑕゅ 4.3r௜㏆ࡢᴟࡵ࡚ᙉ࠸ࣆ࣮ࢡࡀ⌧ࢀ࡚࠾ࡾࠊࡼ
࠸୍⮴ࢆ♧ࡍࡇ࡜ࡀࢃ࠿ࡿࠋヲ⣽࡟ᚤ⣽ᵓ㐀ࢆぢࢀࡤࠊ
༑ศ୍⮴ࡋ࡚࠸ࡿ࡜ࡣゝ࠸㞴࠸Ⅼࡶㄆࡵࡽࢀࡿࠋࡑࡢ
ཎᅉ࡜ࡋ࡚ࠊィ⟬࡛ࡣ⌮᝿ⓗ⤖ᬗᵓ㐀ࢆ᝿ᐃࡋ࡚࠸ࡿ
ࡀࠊᐇ㝿࡟ࡣ⾲㠃ཎᏊࡢ࢚ࢿࣝࢠ࣮Ᏻᐃ໬࡟ྥࡅࡓᵓ
㐀⦆࿴ࡀ⏕ࡌ࡚࠸ࡿࡣࡎ࡛࠶ࡿࠋࡑࡢࡼ࠺࡞᭱㐺ᵓ㐀
ࢆࡇࡇ࡛ࡣ⪃៖ࡋ࡚࠸࡞࠸ࡓࡵ࡜᥎ᐹࡉࢀࡿࠋࡲࡓࠊ
௒ᅇ ᐃࡋࡓヨᩱ⾲㠃࡟ࡣⅣ⣲ཎᏊࡀṧᏑࡍࡿࡇ࡜ࡶ
ࡑࡢせᅉࢆ⏕ࢇ࡛࠸ࡿྍ⬟ᛶࡣ࠶ࡿࡓࡵࠊ⾲㠃ࡢΎί
໬࡟ྥࡅࡓฎ⌮᪉ἲࢆ௒ᚋㅮࡌࡿᚲせࡀ࠶ࡿࠋ 
㸬ࡲ࡜ࡵ
ᮏ◊✲ࡢ┠ⓗ࡛࠶ࡿᴟᛶ⾲㠃ࡢ㆑ูࡀ RHEED ἲ࡛
ྍ⬟࠿ྰ࠿࡜࠸࠺Ⅼ࡛ࠊྍ⬟ᛶࢆぢฟࡋࡓࡇ࡜࡟ព⩏
ࡀ࠶ࡿࠋᚑ᮶ࡢᡭἲ࡟ẚ࡭࡚ RHEEDἲࡣ௒ࡸᗈࡃᬑཬ
ࡋࡓᡭἲ࡛࠶ࡾࠊᐇ㦂ᐊ࡛ࣞ࣋ࣝẚ㍑ⓗᐜ᫆࡟ᐇ㦂࡛
ࡁࡿࠋࡲࡓࠊࡑࡢሙほᐹ࡟ࡶ㐺ࡋ࡚࠸ࡿࡓࡵ ZnO ⭷ࡢ
ᡂ㛗ࡸ ZnO ࢆᇶᯈ࡜ࡋ࡚⏝࠸ࡿ◊✲➼࡟ᑐࡋ࡚ࡑࡢ᭷
ຠᛶࡀⓎ᥹࡛ࡁࡿࠋ⌧ᅾࠊヨᩱ⾲㠃ࡢΎί໬ᑐ⟇࡜ࡋ
࡚ࠊ㓟⣲ᑟධ⣔ࢆ‽ഛࡋ࡚࠸ࡿࠋ㓟⣲㞺ᅖẼෆ࡛㧗 
ຍ⇕ࡍࡿࡇ࡜࡟ࡼࡾࠊ⾲㠃ࡢởᰁⅣ⣲ࡣⅣ⣲㓟໬≀࡜
ࡋ࡚⬺㞳ࡋࠊࡲࡓ⾲㠃࡟⏕ࡌࡿ㓟⣲Ḟ㝗࡟ᑐࡋ࡚ࡣࠊ
㓟⣲⿵⤥ࡢᙺ๭ࡶᯝࡓࡍࡇ࡜ࡀᮇᚅࡉࢀࡿࡓࡵ࡛࠶ࡿࠋ
ࡲࡓࠊ࢚ࢿࣝࢠ࣮ⓗ࡟Ᏻᐃ࡞ᵓ㐀⦆࿴ࢆィ⟬࠿ࡽồࡵࠊ
ࡑࡢᵓ㐀ࣃ࣓࣮ࣛࢱࢆᣦ㔪࡟⾲㠃ᵓ㐀ゎᯒࢆ௒ᚋ⾜࠺
ணᐃ࡛࠶ࡿࠋ 
ㅰ㎡
ᮏ◊✲ࡢ୍㒊ࡣ≀㉁࣭ࢹࣂ࢖ࢫ㡿ᇦඹྠ◊✲ᣐⅬ࡟
࠾ࡅࡿᨭ᥼࡞ࡽࡧ࡟ JSPS ⛉◊㈝ 25390085 ࡢຓᡂࢆཷ
ࡅࡓࡶࡢ࡛࠶ࡾࠊឤㅰࡢពࢆ⾲ࡍࠋ 
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